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fsn and wildlite = any member of the animal

kingdom including without limitation any mammal,
@ fish, bird, amphibian, reptile, mollusk, crustacean,
¥ arthropod or other invertebrate...




Long Term Ecological Monitoring Program

> Determine the occurrence and distribution
of selected terrestrial flora & fauna
(inventory)

> Assess trends in occurrence and
distribution of selected terrestrial flora &
fauna (monitoring)

> Develop explanatory statistical models to
assess effects of physical, biological, and
anthropogenic factors on distributions
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Phase 2/Phase 3 Plot Design
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O Subplot
& Microplot

{": Annular plot

r::) Lichens plot

B Vegetation plot

== Soil Sampling

— Down Woody Debris

24.0 ft ( 7.32 m) radius
6.8 ft ( 2.07 m) radius
58.9 ft (17.95 m) radius
120.0 ft (36.60 m) radius
1.0 m? area
(point sample)
24.0 ft { 7.32 m) transects
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Data collected in 2004,
2006 & 2008

» Vascular (including exotics) & nonvascular '.:.
flora on nonforested points (modified line '
intercept)

Breeding bird densities (VCP)
Insect relative abundance (sweep nets)
Heavy metal uptake (Hylocomium)

Rose galls as disturbance index

V V V VYV V

Ambient noise recordings

“6/12/2004 9;
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LTEMP site 3088

Alanus incana

Athyruium filiz-femina
Betula nana

Calamagrostis candadensis

26 SpeCieS Of Chamerion angustifolium
VaSCU|ar p|ants Cornus canadensis

Dryopteris expansa
Empetrum nigrum
Equisetum sylvaticum
Equisetum arvense
Gymnocarpium dryopteris
Linnaea borealis
Mertensia paniculata
Picea mariana

Pyrola minor

Ribes glandulosum

Ribes hudsonianum
Ribes triste

Rosa acicularis

Rubus arcticus

Saliz pulchra
Sanguisorba candadensis
Spiraea stevenii

Trientalis europaea
Vaccinium uliginosum
100 m2 Vaccinium vitis-idaea

3088A ' 6/13/2004 11:15am



LTEMP site 3088

9 lichen & moss species

Vascular flora

6/13/2004 th:t5an

3088A

100 m?



LTEMP site 3088

7 bird species

Alder flycatcher

Cliff swallow

Orange crowned warbler
Ruby-crowned kinglet
Swainson’s thrush
White-winged crossbill
Wilson’s snipe

- -

3088A Lege 7 T A 6/13/2004 :15am



LTEMP site 3088

Aphididae
Aphidius

Araneae
Balclutha manitou
Braconidae

Craspedolepta 26 arthropod taxa

Culicidae i
i and counting

Dismodicus modicus
Ephedrus lacertosus
Euthyneura nr. albipennis
Fannia postica

Fannia serena

Fannia spathiophora
Fannia subpellucens
Hemerobiidae
Ichneumonidae
Javesella pellucida
Lepidoptera
Melanostoma mellinum
Mycetophilidae
Phaenoglyphis kenaii
Podabrini

Sapromyza TAW1 BOLD:AAG6931
Simuliidae

Sminthurus

3088A : ' 6/13/2004 11:15am

100 m?
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LTEMP site 3088

A

6/13/2004 11:15am

Alder flycatcher
Cliff swallow

Orange crowned warbler
Ruby-crowned kinglet

Aphididae

Aphidius

Araneae

Balclutha manitou
Braconidae
Craspedolepta
Culicidae

Diptera
Dismodicus modicu
Ephedrus lacertosu
Euthyneura nr. albip
Fannia postica
Fannia serena
Fannia spathiophor
Fannia subpellucens
Hemerobiidae

Ichneumonidae

Javesella pellucida

Lepidoptera

Melanostoma mellinum
Mycetophilidae

Phaenoglyphis kenaii

Podabrini

Sapromyza TAW1 BOLD:AAG6931
Simuliidae

Sminthurus

Swainson’s thrush

Wilson'’s snipe

White-winged crossbill

Alanus incana

Athyruium filiz-femina
Betula nana
Calamagrostis candadensis
Chamerion angustifolium
Cornus canadensis
Dryopteris expansa
Empetrum nigrum
quisetum sylvaticum
quisetum arvense
ymnocarpium dryopteris
innaea borealis

ertensia paniculata

icea mariana

yrola minor

ibes glandulosum

ibes hudsonianum

ibes triste

Rosa acicularis

Rubus arcticus

Saliz pulchra
Sanguisorba candadensis
Spiraea stevenii

black spr
elevation
patch siz
nearest stream = 105 m
nearest road = 2725 m
nearest border = 1119 m

Leq = 46.4 dBa

Rose galls =0

mean annual temp = 3.2°C
mean annual precip= 433 mm



1,092 species to
date!

80 birds

228 arthropods

4 snails

307 vascular plants
298 lichens

123 mosses

22 ferns and allies
30 liverworts

species assemblages
spatial distribution
temporal change
explanatory models

1 — 87 species per 100m? plot with mean = 37
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Birds

Arthropods

Vascular Plants
Bryophytes and Lichens
LTEMP Site 3088
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Predictive Models of
Single Species Distributions

Swainson's Thrush
Occurrence Index (0-100%)

100
LI

Legend
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Arthropod Family Density
Famillss/Sweep Net Sample
T i 15167

| [PREE]

Explanatory Models of
Family Richness

cocooocoo®oodoooa

Exotic Plant Occurrence
®  Present
©  Absent

Monitoring for

Adaptive Management

Remote Sensing
Classification

I e soruce Herbaceous

I vinierLuiSitka spruce B 2ipive

-

I 1oied conifer Wetand - shrub
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Landcover Forecast 2099
B Alpine
B Biack Spruce
[ Deciduous
[ Herbaceous
Jice
B nixed Conifer
[ Mixed Forest
I Mountain Hemlock
I shrub

[ white or Lutz or Sitka Spruce

Climate Envelope Models
of Future Conditions




Scaling down...

Invasive plant management

LTEMP 2004 & 06
Slemmons 2005

BAER 2005,06

Hanson Horse Trail 2006
Barnett & Simonson 2007
Swanson Oil Field 2007 & 09

Ol and Gas Leases
Amurcpyralid and Glyphosale
swesiclover  hawksbeard
hawkwesd Spp.  reed canary grass
i A common toadfle  oueye daisy |
****** ~ 13 11 acres

and Hangar

Chyphosale

hawksbeard
hawkwid spp

Facres

| £ —— Roads @ Non-Native Plants Present
9“5:,:;.‘“,,"" e ™~ — Trails © No Non-Native Plants Present
pees. WEER =% /)| __ Seismiclines 0 125 25 50 Kilometers
e wodt ™ ] O Refuge Boundary N T

E Bella Date: 5M14/2012 Time: 10:50:44 AM



Scaling up...

Heavy metal uptake by Hylocomium
splendens (Mg, Al, Fe, Mn, Zn, Cu, Pb, Ni,
Cr, Cd, sulfur, nitrogen)

Long range air transport:
Asian plume? Anchorage?

7 B A

b

Sampling Locations
Hg (ng/q)
e 21.030000 - 34.940000
® 34.940001 - 47.140000
@® 47.140001 - 62.500000
@ 62500001 - 112.960000
: Federal Lands

Non-Federal Lands

200 Kilometers
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» Permanent sampling sites to measure change (t, of a time
series)

» Statistically robust sampling frame (systematic) to survive
planned and unplanned habitat changes

» Data are representative of the land (i.e., refuge) unit
» Co-location of biotic & abiotic sampling (modeling)

» All sampling methods are passive, nondestructive (to habitat)
and inexpensive

» Multi-taxa sampling and interagency cost-share
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> Developing methods to measure species-specific detectability
using temporal and/or spatial subsampling from a single visit

> Developing reference library for DNA bar-coding



Bulk sampling using second-generation

sequencing

AATAATATATTTTATTTTCGCTATATGATCAGGAATAATTG
GTTCATCTATAAGATTATTAATTCGAATAGAATT
AAGTCATCCTGGAATATGAATTAATAATGATCAGATTTATA
ATTCTTTAGTAACTAGACACGCATTTTTAATAAT
TTTTTTTATAGTTATACCATTTATAATTGGAGGATTTGGAA
ATTATTTAATTCCATTAATATTAGGATCGCCAGA
TATAGCTTTTCCTCGAATAAATAATATTAGATTTTGACTTT
TACCCCCATCATTATTTATACTTCTATTAAGAAA
TATATTTACACCTAATGTAGGAACAGGATGAACTGTATAT
CCTCCTTTATCCTCTTATTTATTTCATTCATCTCC
ATCAATTGATATTGCAATCTTTTCTTTACATATGTCAGGAA
TTTCTTCTATTATTGGATCATTAAATTTTATTGT
TACTATTTTAATAATAAAAAATCTTTCATTAAATTATGACC
AAATTAATTTATTCTCATGATCAGTATGTATTAC
TGTAATTTTATTAATTTTATCTTTACCGGTTTTAGCCGGAG
CTATTACTATATTACTATTCGATCGAAATTTTAA
TACTTCATTCTTTGATCCTATGGGAGGAGGGGATCCAATT
TTATACCAACATTTATTT

http://arctos.database.museum/guid/KNWR:Ento:2800

Western bumble bee (Bombus occidentalis)



Building a regional DNA barcode library

v >250 arthropod species barcoded (Lepidoptera,
Diptera, Hymenoptera, Hemiptera)

v" 95 lichens submitted to CCDB
v’ 1,143 sequences in GenBank and BOLD for

Kenai Peninsula (marine arthropods, annelids,
molluscs)

v’ 648 specimens from 2011 Rapid Ecological
Assessment being processed

v 871 of 1,024 arthropod species barcoded at
UAM (Derek Sikes)

BOLD ( )
GenBank ( )
ARCTOS ( /



http://www.ncbi.nlm.nih.gov/genbank/
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> Developing methods to measure species-specific detectability
using temporal and/or spatial subsampling from a single visit

> Developing reference library for DNA bar-coding

> Refine monitoring objectives based on quantitative and
qgualitative concerns

> e.g., define apriori species assemblages



255 LTEMP plots

LTEMP Plots by Clad

i
y/; 10 20 Kilometers

10 clades (aka species assemblages)

» 7| LTEMP Clades (Members, Species)
- .l 1 - Forest Conifer Open 6-Scrub Dwarf
Black Spruce (90, 36) @ Ericaceous Crowberry
2 - Forest Conifer Open Tundra (41, 45)
White Spruce or Forest 7 - Barren (vegetated
@ Mixed Closed Spruce- sites: Forest Conifer
Paper Birch (tie) (62, 41) © Closed Mountain
3 - Forest Conifer Open Hemlock or Scrub Tall
Black Spruce (8, 74) Openj (35, 21)
4 -Herbaceous Graminoid 8-Scrub Low Cpen
Wet Halophytic Grass Wet Willow (5, 104)
Meadow or Herbaceous 9 -Herbaceous
@ Graminoid Wet Halophytic & Graminoid Dry
Sedge Wet Meadow (tie) Midgrass Herb (1, 45)
(2.63) 10 - Herbaceous Forb
5-Scrub Low Open or Mesic Mixed Herbs (tie
@ Forest Conifer Open Black @ with No Level Four
Spruce (tie) (8, 58) Recorded Sites)
] Refuge Boundary (2.60)




Number of Species

120

100

80

60

20

Looking for novel assemblages by monitoring extant assemblages...

m Bird
W Forb
Tree

m Shrub

B Graminoid
M Cryptogam

= Ento

1 - Forest Conlfer 2 - Forest Conlfer 3 - Forest Conifer

Open Black
Spruce (90, 36)

Open White
Spruce or Forest
Mixed Closed
Spruce-Paper
Birch (tie) (62, 41)

Open Black
Spruce (8, 74)

5-Scrub low  6-Scrub Dwarf 7 - Barren
Open or Forest Ericaceous (vegetated sites:
Conifer Open Crowberry Tundra Forest Conifer

4 - Herbaceous
Graminoid Wet
Halophytic Grass

Wet Meadow or Black Spruce (tie) (41, 45) Closed Mountain
Herbaceous (8, 58) Hemlock or Scrub
Graminoid Wet Tall Open) (35,
Halophytic Sedge 21)
Wet Meadow (tie)
(2,63)

Clade, Viereck Level IV (Members, Species)

8- Scrub Low
Open Willow (5,

9 - Herbaceous 10 - Herbaceous
Graminoid Dry  Forb Mesic Mixed

104) Midgrass Herb (1, Herbs (tie with No
45) Level Four
Recorded Sites)
(2, 60)



What all of this work has in common...
100 m? plot!!

Phase 2/Phase 3 Plot Design LTEMP nonforested vegetation

Q Subplot 240 1t ( 7.32 m) radins
# DMicroplot 6.8 It ( 2.07 m) radins
"% Annular plot 58.9 It (17.95 m) radius
() Lichens plot 120.0 ft (36.60 m) radius
H Vegetation plot 1.0 m? area

= Soil Sampling (point sample)

— Down Woody Debris 240 ft { 7.32 m) transects

Horizontal-Vertical plot Modified line-intercept



Take home message:
there’s more than one way to skin this cat
(of collaborating with the FIA)

v’ Scaling sideways: Extend sampling to include nonforested
plots on FIA sample frame

v" Scaling up: Using data from other agencies or outside
management unit but on sample frame (Hylocomium
splendens, landcover mapping)

v’ Scaling down: Provide landscape context for local scale action
(invasive plant management)

v’ Leveraging: Adjunct inventory + FIA data = multi-taxa; data
are ideal for distribution models now and into the future



Questions????

Morton, J.M., M.L. Bowser & D.R. Magness. Provisionally accepted. An integrative
approach to inventory, monitoring and modeling species diversity in a changing
climate. Journal of Fish and Wildlife Management.

Magness, D.R. & J.M. Morton. Provisionally accepted. Using hierarchal and
competing models to increase certainty of landcover conversion in a rapidly
changing climate. Journal of Fish and Wildlife Management.

Magness, D.R., J.M. Morton & F.Huettmann. 2010. How spatial information
contributes to the conservation and management of biodiversity. Pages 429-444 in
Cushman & Huettmann (eds). Spatial Complexity, Informatics, and Wildlife
Conservation. Springer Publ.,Tokyo. 464pp.

Morton, J., M. Bowser, E. Berg, D. Magness & T. Eskelin. 2009. Long Term Ecological
Monitoring Program on the Kenai National Wildlife Refuge: An FIA adjunct inventory.
In McWilliams et al. (eds.). FIA Symposium, Oct 2008, Park City, UT. RMRS-P-56CD.
USDA Forest Service, Fort Collins, CO.

Bowser, M.L., & J.M. Morton. 2009. Modeling terrestrial arthropod diversity on the
Kenai National Wildlife Refuge. In McWilliams et al. (eds.). FIA Symposium, Oct
2008, Park City, UT. RMRS-P-56CD. USDA Forest Service, Fort Collins, CO.

Magness, D.R., F. Huettmann, & J.M. Morton. 2008. Using Random Forests to
provide predicted species distribution maps as a metric for ecological inventory &
monitoring programs. Pages 209-229 in T.G. Smolinski et al. (eds.). Applications of
Computational Intelligence in Biology: Current Trends and Open Problems. Studies in
Computational Intelligence, Vol. 122, Springer-Verlag Berlin Heidelberg. 428pp.

Bowser, M. 2009. Terrestrial arthropod biodiversity on the Kenai National Wildlife
Refuge, Alaska. M.S. thesis. University of Alaska, Fairbanks.

Magness, D.R. 2009. Managing the National Wildlife Refuge System with climate
change: The interaction of policy, perceptions, and ecological knowledge. Ph.D.
dissertation. University of Alaska, Fairbanks.

Sager, K. 2009. Habitat of three forest birds surveyed by the Long Term Ecological
Monitoring Program, Kenai National Wildlife Refuge, Alaska. M.S. thesis. Alaska
Pacific University, Anchorage.
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